B
oth delayed and premature discontinuation of mechanical ventilation have been associated with increased mortality. [1] [2] [3] [4] [5] [6] [7] Multiple randomized trials 2,8 -13 have demonstrated that the duration of ventilation can be reduced safely by a strategy employing daily assessments for readiness to wean, followed by prompt extubation after a successful spontaneous breathing trial. However, this approach to weaning still results in an extubation failure rate (ie, the need for reintubation within 48 to 72 h) of 10 to 20%. 9 -13 Thus, there is a need to determine what factors may be associated with this failure rate.
Attention has now moved to refining the second stage in the liberation process, namely, the decision to extubate after having passed a spontaneous breathing trial. 3 Studies from the past few years 7,14 -16 have focused on the association of extubation outcomes with variables that assess the ability to protect the airway. These studies have reported that the risk of extubation failure is increased with ineffective cough, a propensity for aspiration, and abundant secretions, while a decreased level of consciousness was not consistently identified as a risk factor for failure. However, the results of these studies may not be widely generalizable, as they were performed at single centers or in specific populations, 7,14 -16 with relatively small sample sizes. In addition, many of their specific predictor variables, such as cough, peak flow, and secretion volume, are difficult to measure in daily clinical practice.
The objective of our multicenter international study was to assess prospectively the variables associated with reintubation in a heterogeneous group of
For editorial comment see page 1635
mechanically ventilated patients who were extubated after having successfully completed a spontaneous breathing trial.
Materials and Methods

Patients
Between November 1999 and May 2002, consecutive patients Ͼ 18 years of age, who had undergone invasive mechanical ventilation for Ͼ 48 h and had been extubated following a successful spontaneous breathing trial, were enrolled from the ICUs of 37 hospitals in eight countries. The research ethics board at each center approved the study and informed consent was obtained at the time of enrollment. Patients with a tracheostomy were excluded. Each of the study ICUs used the same general methodology for weaning patients from mechanical ventilation. Patients were assessed daily for the presence of the following readiness-to-wean criteria: (1) improvement in the underlying condition that led to acute respiratory failure; (2) alert and able to communicate; (3) core temperature not Ͼ 38°C; (4) no therapy with vasoactive drugs (excluding dopamine, Ͻ 5 g/kg/min); and (5) adequate gas exchange, as indicated by a Po 2 of at least 60 mm Hg with an inspired fraction of oxygen of Յ 0.40 and a positive end-expiratory pressure not Ͼ 5 cm H 2 O. Patients meeting these criteria were then weaned using one of the following techniques: (1) daily trial of spontaneous breathing for up to 120 min using a T-tube, continuous positive airway pressure, flow-by, or pressure support of Ͻ 8 cm H 2 O; (2) multiple daily trials of spontaneous breathing, as cited above; or (3) gradual reductions of pressure support until a level of Յ 7 cm H 2 O was reached. All patients ultimately passed a spontaneous breathing trial and were extubated.
Data Collection
We recorded demographic data and the severity of illness at the time of ICU admission. The reason for the initiation of mechanical ventilation was recorded using the same classification system and definitions as those used in another large international observational study 17 ; specifically, pneumonia was defined as the presence of new or worsening radiographic alveolar infiltrates along with fever or hypothermia, and leukocytosis or leukopenia. The presence of cardiovascular events (shock or acute coronary syndrome) over the course of mechanical ventilation, the duration of mechanical ventilation, and the method of weaning were also documented. We prospectively collected the following data during the 24 h before extubation: tracheal secretions volume (none, minimal, or abundant) and consistency (normal or purulent); subjective efficacy of cough (poor, moderate, or excellent); WBC count Ͼ 12,000 per L; temperature Ͼ 38°C; administration of sedatives; and fluid balance (calculated as fluid input minus output over the 24-h period). Tracheobronchial aspirates were sent for semi-quantitative culture. We considered culture findings to be positive if Ͼ 10 5 cfu/mL potentially pathogenic organisms were isolated. After successful completion of a spontaneous breathing trial and immediately prior to extubation, investigators documented the following: (1) patients' ability to cooperate (poor, moderate, and excellent); (2) a 1-min observation of respiratory frequency and tidal volume measured through a spirometer or from the ventilator display (to calculate the rapid shallow breathing index [RSBI] 18 ); (3) maximal inspiratory pressure; and (4) oxygen saturation. If available, the arterial blood gas levels were recorded.
After extubation, patients were followed up for the presence of postextubation respiratory distress. Patients in whom acute respiratory failure developed were randomized to receive either noninvasive positive-pressure ventilation or usual care. 19 In both groups, patients were reintubated if they met at least one of the following criteria: lack of improvement and/or worsening in arterial pH or Pco 2 ; decreased mental status; decrease in the oxygen saturation to Ͻ 85%, despite the use of a high fraction of inspired oxygen; lack of improvement in signs of respiratory muscle fatigue; hypotension, with a systolic BP Ͻ 90 mm Hg for Ͼ 30 min despite adequate volume loading, the use of vasopressors, or both; and copious secretions that the patient could not adequately clear.
Statistical Analysis
Results are expressed as the mean and SD, median and interquartile range, and proportions, as appropriate. We used the Student t test or the Mann-Whitney U test to compare continuous variables, and the 2 test or the Fisher exact test to compare proportions, as appropriate. Two-tailed p values of Ͻ 0.05 were used to indicate statistical significance.
To estimate the simultaneous effects of multiple variables on reintubation, a multivariate analysis was performed using a conditional logistic regression model and a backward stepwise selection method to correct for collinearity. We used a significance threshold of p Ͻ 0.10 for entering tested variables into the model. A recursive portioning analysis (Answer Tree; SPSS Inc; Chicago, IL) was subsequently performed using the significant variables from the multivariable logistic regression, in order to derive clinically relevant subgroups of patients at different risks for reintubation. This method identified threshold values for each variable, which provided the best separation of the study population according to reintubation status. The resultant classification tree grouped patients into distinct groups using combinations of variables that jointly influenced the likelihood of reintubation. Odds ratios (ORs) and 95% confidence intervals (CIs) were then calculated for each of these distinct groups using a dummy variable entered into a logistic regression equation. We also calculated likelihood ratios for each risk category using standard methods. 20 
Results
A total of 980 patients fulfilled the study entry criteria and were electively extubated. We excluded from our analysis two patients who required immediate reintubation because of upper airway obstruction (ie, glottic edema), and 78 patients in whom the data for the predictor variables had not been re- corded. Overall, extubation failure occurred in 121 of the 900 patients included in this analysis (13.4%). Table 1 shows the baseline characteristics of the study cohort according to reintubation status. The reasons for reintubation were lack of improvement in work of breathing (55 of 121 patients; 45%), hypoxemia (27 of 121 patients; 22%), respiratory acidosis (13 of 121 patients; 11%), retained secretions (12 of 121 patients; 10%), decreased level of consciousness (7 of 121 patients; 6%), and hypotension (7 of 121 patients; 6%). Patients who required reintubation were older and more likely to have had pneumonia as their reason for receiving mechanical ventilation. In addition, by univariate analysis these patients had higher RSBI values (Fig 1) and were more likely to have a positive fluid balance in the 24 h prior to extubation (Fig 2) . The logistic regression analysis identified the following variables as being associated with reintubation: RSBI (OR, 1.009 per unit; 95% CI, 1.003 to 1.015); positive fluid balance (OR, 1.70; 95% CI, 1.15 to 2.53); and pneumonia as the reason for initiating mechanical ventilation (OR, 1.77; 95% CI, 1.10 to 2.84). The recursive partitioning analysis identified thresholds for these variables that allowed the greatest separation of patients into different risk groups for extubation failure (Fig 3) . The probability of reintubation in each distinct risk group defined by the recursive partitioning analysis and the likelihood ratios for extubation failure in the defined groups are shown in Table 2 .
Discussion
In a heterogeneous cohort of mechanically ventilated patients who were extubated after a successful spontaneous breathing trial, we found that reintubation within 72 h was associated with a RSBI value of Ͼ 57 breaths/min/L, a positive fluid balance within 24 h prior to extubation, and pneumonia as the cause for initiating mechanical ventilation. In the original description of the RSBI, Yang and Tobin 18 identified a threshold value of 105 breaths/min/L as a predictor of weaning failure. Weaning failure was defined as either the failure of a spontaneous breathing trial (in which case patients were not extubated) or as the failure of extubation after a successful spontaneous breathing trial. Almost 15 years later, we now appreciate that predicting the success or failure of a spontaneous breathing trial is less important. Spontaneous breathing trials are safe, well-tolerated, and easy to perform. What now seems more important is to predict the success of extubation following the successful completion of a trial of spontaneous breathing. Thus, several studies have assessed the RSBI as a predictor of outcome after extubation. Bien et al 21 reported that reintubated patients had a significantly higher median RSBI (69 vs 45 breaths/ min/mL, respectively; p Ͻ 0.05). Other studies 14, 16 have shown similar differences between successful and failed extubations, but these did not reach statistical significance. Smina et al, 15 however, reported a significant difference in RSBI between reintubated patients and those who had not been reintubated (median, 88 vs 60 breaths/min/L, respectively; p ϭ 0.03). Furthermore, these investigators found that an RSBI of Ͼ 100 breaths/min/L was an independent predictor of extubation failure. Similar results were recently reported by Upadya et al. 22 In our study, the RSBI was an independent predictor of extubation failure, and a value Ͼ 57 breaths/min/L increased the risk of reintubation from 11 to 18%. Congestive heart failure has been suggested as an important reason for weaning failure. Lemaire et al 23 reported a cohort of 15 patients with severe COPD and cardiovascular disease in whom there was an increase in pulmonary artery occlusion pressure during weaning that resulted in extubation failure. After treatment with diuretics, 9 of the 15 patients were successfully weaned from mechanical ventilation. 23 Similarly, Cabello et al 24 reported in 2004 that congestive heart failure was the cause of weaning failure in 7 of 12 patients (58%) who failed a spontaneous breathing trial. Epstein and Ciubotaru, 25 in a study of 74 patients who required reintubation within 72 h of extubation, reported that congestive heart failure was the reason for extubation failure in 23% of the patients. In our study, patients with a positive fluid balance in the 24 h before extubation had a higher likelihood of being reintubated. A limitation of our study is that we did not collect any hemodynamic or echocardiographic measurements to be able to correlate positive fluid balance with ventricular dysfunction. It is possible that patients who failed extubation due to a positive fluid balance had poor cardiovascular reserves and were not able to handle the volume overload. It is also possible, however, that fluid balance is acting as a general marker of recovery from acute illness in our study population. Patients who have an ongoing inability to regulate the integrity of their vascular space and achieve a negative fluid balance may also be less likely to be successfully extubated. Similar results have been reported by Upadya et al. 22 In a prospective study including 87 patients these authors 22 observed that a positive cumulative fluid balance from hospital admission to weaning was associated with weaning failure. Although in this study the administration of diuretics was not associated with improved weaning outcomes, we agree with these authors that further prospective studies will be necessary to assess the value of hemodynamic monitoring and the role of diuretic therapy in the prevention of reintubation. In relation to this issue, the recently published study 26 on fluid management in patients with acute lung injury could support the observation that fluid restriction is associated with a shorter time period for needing ventilation.
Pneumonia as the reason to initiate mechanical ventilation was the third variable related to reintubation in our study. The only other difference that we identified in these patients was that they were more likely to have tracheal aspirates positive for pathogens prior to extubation (30.5% of patients with pneumonia had Ͼ 10 5 microorganisms that were potentially pathogens in their tracheal aspirates prior to extubation vs 18% of patients without pneumonia; p Ͻ 0.001). Other variables such as fever, leukocytosis or purulent secretions were similar between patients with and without pneumonia at the time of extubation. These findings suggest that patients may not have fully cleared the microbial load from their pneumonia, and therefore continued to require ventilatory support.
Extubation failure remains a difficult outcome to predict. We were unable to clearly define a subgroup of patients who were at very high risk of reintubation using predictor variables that are measured in routine practice. Studies 14 -16 have highlighted the importance of cough strength and the amount of bronchial secretions as factors related to reintubation. On univariate analysis, we identified that tracheal aspirate cultures with positive findings were more common in patients who required reintuba- tion, but this variable did not retain statistical significance in the multivariate analysis. Cough strength, amount of secretions, level of consciousness, or patient cooperation was not associated with extubation outcome in our study. There are several reasons that may explain the differences between our findings and those of the previous studies. In our cohort, the decision to extubate was protocolized; however, the physician in charge of the patient made the final decision, and it is possible that some physicians delayed extubation until patients showed an improvement in some of these variables. Furthermore, in our study the frequency of weak cough and/or abundant amount of secretions was lower than previously observed. We also observed differences in the reintubation rate of patients with the worst-case clinical scenario, as described by Salam et al. 16 These investigators found that all patients who were unable to cooperate, and had abundant secretions and a weak cough required reintubation. In our study, these three conditions were all present in 5% of the population, but their reintubation rate was only 17%. In summary, in a large cohort of mechanically ventilated patients passing a spontaneous breathing test and judged clinically appropriate to extubate, we were able to demonstrate that the RSBI, a positive fluid balance 24 h prior to extubation, and pneumonia as the cause for initiating mechanical ventilation were the best predictors of extubation failure. However, the combined predictive ability of these variables was weak, as evidenced by likelihood ratios that result in only modest changes from the pretest probability of extubation failure. Future studies are needed to search for other variables that are predictive of extubation failure while still being widely applicable in routine care.
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